A prolonged outbreak of polioencephalomyelitis due to infection with a group I porcine enterovirus
Roman M. Pogranichniy, Bruce H. Janke, Thomas G. Gillespie, Kyoung-Jin Yoon Abstract. A commercial swineherd in Indiana experienced high death loss of nursery pigs with neurologic disorders for a prolonged period. Polioencephalomyelitis was the consistent histopathological lesion in affected animals. A porcine enterovirus (PEV) classified to group I was isolated from spinal cords and brains collected from the affected animals. The isolate (ISUVDL 200103183) was determined to belong to either serogroup 5 or 6 at the National Veterinary Services Laboratories, Ames, IA. No other significant viral or bacterial agents were isolated from or detected in the animals. A prospective longitudinal serological monitoring of pigs in the index herd for the PEV isolate revealed that colostrum-derived neutralizing antibodies to the virus rapidly declined, and by the age of 21 days the majority of piglets had no or minimal neutralizing antibody against the virus. Seroconversion to the virus then coincided with increased mortality in the herd. Results of diagnostic and cohort observations supported a diagnosis of PEV infection as the cause of the prolonged outbreak of ''polio.'' Investigation into factors that may be contributing to the prolonged problem is currently in progress.
Porcine enterovirus (PEV) is a small (25-31 nm in diameter), spherical, nonenveloped RNA virus belonging to the Family Picornaviridae. 1 Based on cytopathic effect, replication properties, and differences in serological response, PEV has been divided into 3 groups From the Veterinary Diagnostic Laboratory, Iowa State University, Ames, IA 50011 (Pogranichniy, Janke, Yoon), and the Rensselaer Swine Clinic, Rensselaer, IN 47978 (Gillespie). and 13 serotypes. 5, 8, 14 Group I includes serotypes 1-7 and 11-13. Serotypes 8 and 9-10 are classified into groups II and III, respectively.
Although PEV has been associated with a variety of enteric, respiratory, and reproductive diseases in swine, 6, 9, 10 polioencephalomyelitis in young pigs is the disease of major concern. Teschen disease, the most severe form of PEV-induced polioencephalomyelitis with mortality up to 90%, first was recognized in cen- tral Europe in 1930 and later was confirmed in other countries, although not in North America. 11 Talfan disease is a milder form of nervous system infection by PEV that was recognized in Denmark and England. 4 The PEV associated with Teschen and Talfan diseases has been classified into a new genus Teschovirus, which is distinct from serotype 1 PEV of the genus Enterovirus based on genomic and serological analyses. 2, 7 Other serotypes of PEV in group I are also reported to cause polioencephalomyelitis of swine. 12 In July 2000, a swineherd in Indiana began experiencing an unusually high death loss (4.5% on aver-age) of weaned pigs with neurologic signs. Before this time, the herd had averaged 1.47% nursery mortality. On presentation, pigs were in lateral recumbency and unable to rise but appeared alert and aware of their surroundings. Some pigs were mobile but uncoordinated. Pigs exhibited clinical signs for 1-6 days before dying or being euthanatized. To date, the problem has continued to affect this herd. A group of 12 clinically affected pigs were submitted to ISU Veterinary Diagnostic Laboratory for diagnostic investigation.
At necropsy no gross lesions were observed in any internal organs in any pig. Respiratory and gastroin- testinal tracts were unremarkable. Joints were without swelling, and no exudates were noted in joint cavities. No gross lesions were observed in skull or vertebral columns or in brain or spinal cords in any pig.
Microscopic examination was conducted on the brain (2 sections) and spinal cord (8 sections) as well as on the lung, heart, liver, kidney, spleen, tonsil, subiliac lymph node, thymus, and intestine of all pigs. No lesions were observed in any tissues except the brain and the spinal cord. Inflammation characterized by lymphocytic vasculitis/perivasculitis and focal gliosis was irregularly distributed throughout the brain but was most severe in midbrain, brainstem, and cerebellar peduncles and occasionally in cerebral cortex (Fig.  1A) . Similar inflammation was observed in the gray matter in the spinal cord sections, occasionally following vessels into the more peripheral white matter. Inflammation varied from mild to severe between pigs, but all brains and all sections of the spinal cord in all pigs were affected. Lesions tended to be more severe in cervical and lumbar sections of the cord than in thoracic sections. Eosinophilic necrotic neurons were noted in some sections of the spinal cord with intense inflammation (Fig. 1B) .
Because microscopic lesions in brain and spinal cord were suggestive of PEV-related polioencephalomyelitis, attempts to isolate or detect PEV as well as other viral agents were made. An enterovirus designated ISUVDL 200103183 was isolated in PK-15 cells 3 from the brain or spinal cord of some pigs submitted. By a reverse transcriptase-polymerase chain reaction-based assay using primer information that was described previously, 13 all isolates were classified as members of the group I PEV (Fig. 2) . The isolate was submitted to the National Veterinary Services Laboratories, Ames, IA, for serotyping and determined to be a member of serotype 5 or 6.
Other viruses, including pseudorabies virus, porcine reproductive and respiratory syndrome virus, porcine circovirus type 2, and hemagglutinating encephalomyelitis virus, were neither isolated nor detected by polymerase chain reaction, immunohistochemistry, or direct immunofluorescence microscopy. A variety of bacteria including Streptococcus suis, Bordetella bronchiseptica, Haemophilus parasuis, and hemolytic and nonhemolytic Escherichia coli were recovered from occasional tissues of some of the pigs. However, because no lesions suggestive of bacterial infection were detected in any tissue, these bacteria were not considered significant for the problem presented.
Once PEV was isolated, longitudinal serological monitoring was conducted with this isolate on sows and young pigs to assess the immunological status of pigs in the herd. Animals from which sera were collected were also clinically monitored for the occurrence of neurologic signs and mortality. Serum samples were collected from sows (n ϭ 17) at farrowing and from their offspring at approximately 6, 15, 22, and 44 days of age. Virus neutralization (VN) tests were performed on the samples against the herd-specific PEV isolate ISUVDL 200103183 at a rate of 200 Tissue Culture Infectious Dose 50 /0.1 ml, as described previously. 12 Most sows tested had a level of VN antibody to the virus ranging from 1:16 to 1:128 as the reciprocal of the end-point serum dilution; 1 sow had a titer of 1:8. Most piglets also had VN antibody titers of 1:64 to 1:128 at 6 or 7 days of age, which appeared to be of colostral origin (Fig. 3 ). However, 2 piglets had titers of 1:4 and 1:8. Thereafter, all pigs showed a typical decay of maternal antibody and had VN antibody titers of 1:4 to 1:8 at 22 days of age. Titers were higher at 44 days of age, suggesting that animals had been exposed to the virus between 22 and 44 days of age. Simultaneously, neurologic disease and in- creased mortality began to appear in these pigs at the age of 3 to 4 weeks.
In conclusion, diagnostic findings and serological monitoring strongly supported that a group I PEV was responsible for the neurologic disease and high death losses in the index herd. Although it has been reported previously that PEV of serotype 5 or 6 can cause polioencephalomyelitis, 1 it was rather unusual for clinical disease to continue for such a long period of time after the initial outbreak.
In most cases, PEV infections are subclinical and self-limiting once herd immunity against the virus is established. Results of the serological monitoring clearly demonstrated that the disease and mortality coincided with the decay of VN antibody to the PEV isolate. It was noticed that piglets had varying titers of VN antibody to PEV, some of which appeared to have very minimal levels of VN antibody against the PEV isolate while being nursed. Interestingly, the proportion of pigs with low VN titers (6.5%) was similar to the percent morbidity of pigs affected with polioencephalomyelitis after weaning (4.6%) in the index herd. The factor(s) contributing to the low passive antibody level in some pigs was not clearly evident, but management decisions may have played a role. Because sows were averaging 12 pigs born alive per litter, at each farrowing 40 to 50 pigs were cross-fostered to sows that already had litters. This practice had resulted in an increase in production of 0.2-0.7 pigs/week. However, such sows were likely no longer secreting colostral levels of anti-PEV antibody in their milk, which could have led to lower passive antibody levels in the piglets moved into their litters. Those pigs may have been more likely to develop polioencephalomyelitis when the infection moved through each group of pigs after weaning. Investigation into the factors that may be contributing to the prolonged problem is currently in progress.
In areas where severe neurologic or reproductive disorders associated with PEV are endemic, it has been a common practice for prevention and control to vaccinate animals with inactivated or attenuated PEV or expose them to an endemic strain before breeding in herds. 1 It remains to be further investigated if a similar approach would be beneficial in this herd.
